The paper tried to integrate the DGA data with the gas production rate, which are the major indexes of transformer fault diagnosis. Duval's triangle method, BP neural network and IEC three-ratio method were weighted. Firstly, the paper regarded the gas production rate as the independent variables, fitted the cubic curves of the gas production rate and variance of each diagnosis method, and then defined the weights of each algorithm through the data processing method of unequal precision. At last, the dynamic weighted combination diagnosis model was established. That is, the weight is different as the gas production rate changes although the method is identical. The results of diagnosis examples show that the accuracy rate of the weighted combination model is higher than any single algorithm, and it has certain stability as well.
Weighted Combination Diagnosis Model
Set each diagnostic algorithm with ) ... 1 ( n i A i = , according to the error theory of the unequal measurement accuracy and data processing method; give different diagnosis methods the different weights i p on the basis of its reliability, the higher reliability the greater weight in the comprehensive diagnosis. According to the fault types of the transformer, the method of determining the weight of the n kinds of diagnosis algorithms is: (1) Where: 2 i σ is the variance of diagnosis algorithms i A . For multiple samples measurement data, using Bessel formula the calculated variance is more accurate, that is: 
Where: ij y is the jth diagnostic value of the ith diagnosis algorithm i A , y is the theoretical true value, N is the number of sampling points. In view of the six main fault types of the transformer, the classification analysis is shown in Table 1 . = p (5) The weight value of the diagnosis result for the m fault types is expressed as: (6) It can be seen that, even the same kind of algorithm i A , the diagnostic value of different types of faults will be different. The diagnostic results of the weighted combination diagnostic model can be getting from the formula (4) and (6) .
Where the main diagonal elements of z S are:
That is the weighted sum value of n diagnostic algorithm on Ym type fault.
is the diagnostic conclusions of weighted combination model, and also the fault type conclusion with the highest degree of confidence. 
Determination of Variance
In the fault diagnosis of the transformer, the development trend of the transformer can be judged by detecting the growth rate of the dissolved gas in the transformer oil [16] . In this paper, the characteristics gas content and total gas production rate from the DGA data is considered, in order to improve the reliability of diagnosis.
In this paper, the total hydrocarbon gas production rate a r is the independent variables; σ i 2 is the variance of each fault diagnosis method. Based on a large number of samples, the change of σ i 2 with a r is investigated. That is with the change of a r , whether the reliability of the diagnostic methods will be different. If the values of i p changing, the combination model will be different. When a r is set to a fixed value 0 r , statistics for large sample of transformer fault types is adopted, the real fault type of the transformer is set to Ym (m=1……6), then the theoretical true value y m =1. If the method diagnose the transformer fault types correctly, the detection value of i A is y ij =y m =1, or else y ij =0. Put the y ij value into formula (2) 
In fault analysis, based on the a r and formula (9) to determine σ i 2 of i A , thus the weighted combination diagnosis model (8) can be used for comprehensive diagnosis.
Sample Training
In the paper, 745 cases with clear fault cause of transformer DGA data and total hydrocarbon gas production rate a r is collected as the test and training sample. 1. The samples were classified according to Duval's triangle method, BP neural network and IEC three-ratio method for diagnosis, the statistical data is shown in Table 2 , Table 3 and Table 4 . 3. Using the formula (2) to calculate variance of observation points with each method, which is shown in Table 5 , Table 7 . 4. According to the variance of observation points in Table 5 , Table 6 and Table 7 , using matlab to fit the cubic curve 2 i a r σ − of each fault types, which is shown in Figure 1, Figure 2 adn Figure 3 and formula (10), (11) . 0  2  10  7187  .  2  2  4  10  4767  .  7  3  6  10  2996  .  7  2  36   13797  .  0  2  10  4403  .  1  2  3  10  0505  .  1  3  5  10  8442  .  1  2  35   26032  .  0  3  10  4056  .  7  2  4  10  4512  .  1  3  6  10  197  .  7  2  34   6181  .  1  1  10  5336  .  1  2  3  10  3237  .  5  3  6  10  7832  .  5  2  33   2  10  4544  .  9  2  10  7082  .  5  2  3  10  9601  .  2  3  5  10  2093  .  4  2  32   8548  .  0  2  10  3136  .  7  2  3  10  2546  .  2  3  5  10  5041  .  2  2 (12) Obviously, when the training samples are not the same, the 2 i a r σ − curve will be different. In the fault diagnosis, put the a r into formula (10)- (12) , the variance can be calculated. Using formula (1) to determine the weights of three diagnostic methods for the diagnosis of the same type of fault Ym, that is: 
Put the formula (13) into the comprehensive diagnosis model (8), the final diagnosis results will be determined.
Diagnosis Example
Using weighted combination model to diagnose T1 type transformer fault, The sample data is caused by local overheating of two-phase winding lead terminal, which belongs to the low temperature overheat fault, the DGA data of the sample are shown in Table 8 . The total hydrocarbon gas production rate is 23.2mL/d, put it into formula (2), the calculated variance of each diagnosis algorithm in this state are as follows: Put it into formula (7) , which is the weighted combination diagnosis model, can get: Result shows that the fourth value is the largest in diagonal elements, which is 0.4058, and it correspond to the fourth fault types T1, the conclusion is consistent with the actual situation. In this paper, 477 samples of the training model is selected randomly, using the weighted combination model to diagnose, the conclusions are shown in Table 9 . The Table 9 shows that the maximum diagnostic false rate of the weighted combination diagnosis model is 10.67%, and the minimum is 7.82%. They are better than any of the above diagnosis algorithm. Obviously, with the change of gas production rate the dynamic weighted values conforms to the objective conditions better, the correct rate of this diagnosis model is much better than that single diagnosis method.
Conclusion
In this paper, the DGA data and gas production rate, the two indexes of the transformer fault diagnosis, are combined. The diagnosis variance of Duval's triangle, BP neural network and the improved three ratio method is fitted with the total hydrocarbon gas production rate separately to produce the cubic curves. A dynamic weighted combination diagnosis model is established, that is, the weight is different as the gas production rate changes although the method is identical. The results of diagnosis examples show that the accuracy rate of the weighted combination model is higher than any single algorithm, and it increased to more than 90% in main transformer fault diagnosis, and it has certain stability as well. The model has been applied to the fault diagnosis system of a 110KV transformer.
